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(54) Alternator for veh icle 

(57) It is an object of this invention to provide a com- 
pact high-power alternator for a vehicle. It is another 
object of this invention to provide a low-noise alter- 
nator for a vehicle which outputs an increased 
power during operation at a low rotational speed. An 
alternator 1 for a vehicle includes a stator 2 having inner 
circumferential surfaces formed with many slots having 
open ends 35. Teeth ends of the stator between the 
slots have magnetic-flux collecting projections 36 
extending in circumferential directions. The magnetic- 
flux collecting projections 36 are previously formed by, 
for example, a pressing process during a stage in which 
they are thin steel plates. An electric conductor forming 
a winding 33 has a diameter greater than a width of 
inner openings of the slots. A piece of the electric con- 
ductor extends into a first slot from a first side of the iron 
core 32, and extends out of the first slot to a second side 
of the iron core 32 before extending into a second slot, 
which is distant from the first slot by an electric angle of 
180°, from the second side of the iron core 32 and 
extending out of the second slot to the first side of the 
iron core 32. The winding 33 has a recurrence of such 
pieces which forms one phase. The winding 33 has, for 
example, three phases separated by electric angles of 
120°. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an alternator for a vehicle 
such as a passenger automotive vehicle or a truck. 

Description of the Related Art 

To reduce the aerodynamic resistance in a traveling 
condition, a vehicle body tends to be formed into a slant 
nose shape. Securing a sufficient residential space for a 
passenger compartment is earnestly demanded. To sat- 
isfy these requirements, engine rooms of automotive 
vehicles have recently been becoming so narrow and 
crowded that only a limited space is available for install- 
ing an alternator. In addition, the temperature of a 
region around the alternator has been high. Meanwhile, 
to improve fuel economy, the rotational engine speed 
tends to be reduced during an idling condition. The rota- 
tional speed of the alternator decreases in accordance 
with the reduction of the rotational engine speed. On the 
other hand, there is a need for increasing electric loads 
on safety' control devices or others. Thus, the power 
generating ability of the alternator is strongly required. 
In other words, a compact high-power alternator for a 
vehicle is required. Especially, it is desirable that the 
power generating performance of an alternator is good 
even when the alternator is operated at a low rotational 
speed. 

Furthermore, there is a social requirement that 
noises leaking from vehicles should be reduced. Provid- 
ing a quiet passenger compartment leads to increase of 
product appeal. To this end, the engine noises have 
recently been lowered. On the other hand, alternators 
for vehicles which operate at high rotational speeds 
tend to generate annoying fan noises, wind blocking 
sounds, and magnetic sounds. 

In a general alternator for a vehicle, the greatest 
heating source is the stator. To attain a high power out- 
put and a high efficiency of an alternator, it is conceiva- 
ble to reduce the resistance of a winding on the stator 
and thereby to reduce heat loss. Specifically, an electric 
conductor having a great cross-sectional area is used 
for the winding. In addition, it is conceivable to increase 
the ratio of a conductor-occupied area in each slot in the 
stator to an unoccupied area. This ratio is hereinafter 
referred to as the space factor. 

In a prior-art alternator for a vehicle, a stator has 
inner circumferential surfaces opposing a rotor and 
being formed with teeth. Tips of the teeth have mag- 
netic-flux collecting projections extending in circumfer- 
ential directions. Therefore, open ends of slots in an iron 
core of the stator are smaller in width than inner por- 
tions of the slots. The thickness of an electric conductor 
for a winding is limited by the width of the open end of 



each slot. To increase the power output of the prior-art 
alternator during operation at a low rotational speed, a 
great length of the magnetic-flux collecting projections 
is necessary. As the length of the magnetic-flux collect- 

5 ing projections is increased, the open ends of slots are 
narrower so that a thinner electric conductor is required 
for the winding. The thinner electric conductor causes 
an increased resistance of the winding. 

Japanese published unexamined patent application 

10 63-194543 discloses that an electric conductor for a 
winding has portions to be placed in slots, and these 
portions are previously made into a shape having an 
approximately rectangular cross-section as shown in 
Fig. 10. The portions of the electric conductor are 

15 placed into the slots as shown in Fig. 11(A). Then, 
edges of a stator around the slots are plastically 
deformed into magnetic-flux collecting projections as 
shown in Fig. 1 1 (B). 

In the prior-art structure of Japanese application 

20 63-194543, the plastic deformation to make the mag- 
netic-flux collecting projections results in deteriorated 
magnetic characteristics thereof. As a result, the mag- 
netic-flux collecting effect is reduced. Thus, it is difficult 
to attain a desired alternator power output. Especially, it 

25 is difficult to provide an increased alternator power out- 
put during operation at a low rotational speed. 

In the prior^art structure of Japanese application 
63-194543, the plastic deformation causes a strain in 
the stator, decreasing the circularity of the inner circum- 

30 ferential surfaces of the stator and hence forming an 
uneven air gap between the stator and a rotor. The une- 
ven air gap increases magnetic noise during operation 
of the prior-art structure. 

35 SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, an object 
of this invention is to provide a compact high-power 
alternator for a vehicle. 
40 It is another object of this invention to provide a low- 
noise alternator for a vehicle which outputs an 
increased power during operation at a low rotational 
speed. 

The invention of claim 1 is directed to an alternator 
45 for a vehicle which comprises a rotor; a stator located 
outward of the rotor and opposing the rotor; and a frame 
supporting said rotor and said stator; wherein said sta- 
tor comprises an iron core and a plurality of electric con- 
ductors, said iron core having a plurality of slots, said 
50 electric conductors being placed in said slots, said slots 
having openings, said openings having a width smaller 
than a width between inner walls defining said slots, the 
width of said openings of said slots being smaller than a 
minimal width of said electric conductors. 
55 Thereby, the resistance of the electric conductors is 
reduced, and the heat loss is reduced during power 
generating operation. Thus, it is possible to attain a high 
alternator power output. Since the projecting portions of 
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the stator teeth edges which serve for collecting the 
magnetic flux are relatively long if the winding diameter 
remains the same, the inner circumferential surfaces of 
the stator iron core can be closer to smooth cylindrical 
surfaces. Thus, it is possible to reduce the wind noise 
caused by the ruggedness of the inner surfaces of the 
stator iron core and the radially outward winds caused 
by the LUNDEL-type pole core during the rotation of the 
rotor. 

In the invention of claim 2, the slots have two end 
surfaces in an axial direction of said stator iron core of 
the stator which are formed with end surface openings 
as inlets for said electric conductors. Thus, the width of 
the openings of the slot inner circumferential side can 
be set without being limited by the width of the electric 
conductors. 

In the invention of claim 3, openings in inner sides 
of said slots are narrower than a width of electric con- 
ductor accommodating portions of said slots, and are 
narrower than the minimal width of said electric conduc- 
tors before said electric conductors are placed into said 
slots. Thus, it is unnecessary to deform the iron core 
teeth edges between the slots after the electric conduc- 
tors are placed into the slots. 

Thereby, the projecting portions of the teeth edges 
of the stator iron core which serve for collecting the 
magnetic flux can be made into a desired shape without 
being shaped by plastic deformation. Thus, the material 
for the projecting portions for collecting the magnetic 
flux is prevented from being deteriorated in magnetic 
characteristic, and it is possible to attain an adequate 
effect of collecting the magnetic flux. Therefore, the 
power output at a low speed is improved. Since a shape 
distortion of the teeth edges by plastic deformation is 
absent, the true circularity of the inner circumferential 
surfaces of the stator iron core is well maintained. Thus, 
it is possible to make uniform the air gap between the 
rotor and the magnetic pole. Thereby, it is possible to 
suppress the magnetic noise due to an unevenness of 
the air gap during the generation of electric power. 

As in the invention mentioned in claim 4, the electric 
conductors may use electric conductors which have a 
circular cross-section with a diameter greater than the 
width of said openings of the slots. 

In the invention of claim 5, a cooling fan is disposed 
at least at one axial end of said rotor opposing said sta- 
tor. Therefore, winds can be driven from the cooling fan 
toward the coil ends of the stator winding which project 
at the axial -direction end of the stator iron core, and 
hence a high cooling performance is available. Thus, 
according to the structure of this invention in which the 
width of the inner circumferential side openings of the 
slots of the stator is narrow, a cooling wind adequate to 
cool the stator winding is maintained even if the groove- 
like wind passages in the axial direction are narrow 
which are provided by the slots of the stator. 

In the invention of claim 6, cooling fans are dis- 
posed at both axial ends of said rotor opposing said sta- 



tor. Thus, the cooling performance can be further 
increased, and a higher power output is available. 

In the invention of claim 7, an end surface of said 
rotor in an axial direction is close to a shroud portion of 

5 an air intake peripheral portion of said frame. Thereby, 
the axial-direction end surface of the rotor cooperates 
with the shroud portion so that the fan performance of 
the pole core disc portion is increased. The shroud por- 
tion may use the inner wall surface of the frame. Such a 

w structure may be used by only one of the end surfaces 
of the rotor, or by each of the two end surfaces. Using it 
with a cooling fan is effective. Such a structure attains a 
cooling performance equal to that available in the case 
where a wind is driven only by a cooling fan without 

15 increasing the number of parts and the number of 
processing steps. Thus, it is possible to attain a higher 
power output. The input side means the side in which an 
input member for a drive force, for example, a pulley, is 
provided. 

20 In the invention of claim 8, cross sections of said 
electric conductors in said slots have substantially a 
rectangular shape. Thus, the cross-sectional area of the 
electric conductors in the slots is increased, and hence 
the space factor related to the electric conductors in the 

25 slots (the ratio of a conductor-occupied area in each slot 
to an unoccupied area) can be increased. As a result, 
the resistance of the stator winding is reduced, and a 
higher power output is available. In addition, the area of 
the opposing surfaces of the electric conductors and the 

30 slot inner wall surfaces is increased, and the heat trans- 
mission is better. Thus, a reduction in temperature is 
available, and consequently a higher power output is 
available. 

In the invention of claim 9, a plurality of electric con- 
35 ductors are accommodated in said slots while being 
electrically insulated from each other, and said plurality 
of said electric conductors form one or more pairs of 
outer layers located in deep regions of the slots and 
inner layers located in said opening sides of the slots, 
40 and the electric conductors of different layers in different 
slots among the slots are connected in series to form a 
stator winding. In the case where a multiple-phase 
winding is contained in the stator winding, such a struc- 
ture can prevent the interference between windings of 
45 different phases at the coil ends which project at the 
axial-direction end of the stator iron core. Thus, it is pos- 
sible to place the electric conductors in deep portions of 
the slots. 

In the invention of claim 10, a combination of a plu- 
50 rality of electric conductor segments, and each of said 
electric conductor segments includes an approximately 
U-shaped segment which has one straight portion 
accommodated in one slot as an electric conductor of 
said inner layer, another straight portion accommodated 
55 in another slot as an electric conductor in said outer 
layer, and a turn portion made of a material continuous 
with the straight portions and connecting the straight 
portions at one end side, the approximately U-shaped 
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segment being connected to another of said electric 
conductor segments by a projecting portion from a slot 
which is provided on another end side of the straight 
portions. Such a structure enables a plurality of electric 
conductors to be placed in the slots to form a stator 5 
winding even in the case where the inner circumferential 
side openings of the slots are narrower than the mini- 
mum width of the electric conductors. In addition, since 
there are provided the turn portions, the stator winding 
can be formed while a step of inserting the electric con- 10 
ductors into the slots and a step of connecting the elec- 
tric conductors are simplified. 

Use of electric conductor segments having such a 
structure makes it possible to adopt the following struc- 
ture. The turn portions of the approximately U-shaped is 
segments provided on the stator iron core are arranged 
and aligned at one end surface of the stator iron core, 
and the connections among the electric conductors are 
implemented at only the other end surface side of the 
stator iron core so that the connecting portions of the 20 
electric conductor segments are located at only the 
other end surface side. According to such an arrange- 
ment structure, the winding formation is made easy, and 
the productivity can be increased. 

In the invention of claim 11, said stator winding 25 
comprises a combination of a plurality of electric con- 
ductor segments, and each of said electric conductor 
segments includes a segment which has a straight por- 
tion accommodated in said slot as an electric conductor 
of said inner layer or said outer layer, and which is con- 30 
nected to another of said electric conductor segments 
by projecting portions from a slot which are provided on 
two ends of the straight portion. Such a structure ena- 
bles a plurality of electric conductors to be placed in the 
slots to form a stator winding even in the case where the 35 
inner circumferential side openings of the slots are nar- 
rower than the minimum width of the electric conduc- 
tors. In addition, the shape of the electric conductor 
segments can be simplified, and hence inexpensive 
facilities can do manufacture. 40 

In the invention of claim 12, the electric conductors 
in the slots have cross sections with substantially a rec- 
tangular shape having longer sides extending along a 
radial direction of the stator, and each of the electric 
conductors has two surfaces in a longitudinal direction 4s 
which oppose inner wall surfaces of the slot, and the 
electric conductors are arranged and accommodated in 
the slots. Thus, the ratio of the opposing area between 
the surface of the electric conductors and the iron core 
can be increased, and the heat transmission from the so 
electric conductors to the iron core can be improved. 

BRIEF DESC RIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a portion of a stator in 55 
an alternator for a vehicle according to a first embodi- 
ment of this invention. 

Fig. 2 is a diagram of the relation between an output 



current and a rotational speed in alternators. 

Fig. 3 is a sectional view of the alternator for the 
vehicle according to the first embodiment of this inven- 
tion. 

Fig. 4 is a sectional view of a portion of a stator in 
an alternator for a vehicle according to a second 
embodiment of this invention. 

Fig. 5 is a perspective view of an electric conductor 
segment. 

Fig. 6 is a perspective view of coil ends. 

Fig. 7 is a perspective view of an electric conductor 
segment in another embodiment of this invention. 

Fig. 8 is a sectional view of an example of a modifi- 
cation of the stator. 

Fig. 9 is a sectional view of an alternator for a vehi- 
cle according to another embodiment of this invention. 

Fig. 10 is a perspective view of a portion of a prior- 
art previously-formed winding. 

Fig. 1 1 (A) is a sectional view of a portion of a prior- 
art stator in which magnetic-flux collecting projections 
have not yet been made. 

Fig. 1 1(B) is a sectional view of the portion of the 
prior-art stator in which the magnetic-flux collecting pro- 
jections have been made. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

With reference to Figs. 1 to 3, an alternator 1 for a 
vehicle according to a first embodiment of this invention 
includes a stator 2, a rotor 3, two frames 4, and a recti- 
fier 5. The stator 2 serves as an armature. The rotor 3 
serves to generate a magnetic field. The frame 4 sup- 
ports the stator 2 and the rotor 3. The rectifier 5 is 
directly connected to the stator 2. The rectifier 5 con- 
verts alternating current power into direct current power. 
The output side of the rectifier 5 is connected to a bat- 
tery for generating a voltage of 1 2 V. 

The rotor 3 rotates together with a shaft 6. The rotor 
3 includes a set of LUNDEL-type pole cores 7, cooling 
fans 1 1, a field coil 8, and slip rings 9 and 10. The shaft 
6 is connected to a pulley 12, and is rotated and driven 
by an engine (not shown) for powering the vehicle. 

Each of the LUNDEL-type pole cores 7 includes a 
boss portion 71, a disk portion 72, and eight claw-like 
magnetic poles 73. The boss portion 71 is attached to 
the shaft 6. The disk portion 72 extends from two ends 
of the boss portion 71 in radial directions. 

Portions of the frames 4 which oppose coil ends 31 
of the stator 2 have outlets 43 for cooling winds. End 
faces of the frames 4 in an axial direction have inlets 41 
for cooling winds. 

The stator 2 includes an iron core 32, a winding 33 
provided on the iron core 32, and an insulator 34 for pro- 
viding electric insulation between the iron core 32 and 
the winding 33. The winding 33 includes an electric con- 
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ductor. As previously indicated, the stator 2 is supported 
by the frame 4. The iron core 32 is of the multiple-layer 
type. The iron core 32 includes a laminate of thin steel 
plates. The iron core 32 has inner circumferential sur- 
faces formed with many slots each having an open end 5 
35 serving as an inlet. The iron core 32 has teeth ends 
between the slots. The teeth ends of the iron core 32 
have magnetic-flux collecting projections 36 extending 
in circumferential directions. The magnetic-flux collect- 
ing projections 36 are previously formed by, for exam- 
ple, a pressing process during a stage in which they are 
thin steel plates. 

A wire or an electric conductor forming the winding 
33 has a diameter greater than the width of the inner 
openings of the slots. The iron core 32 has first and sec- 
ond sides in an axial direction. A piece of the winding 33 
extends into a first slot from the first side of the iron core 
32, and extends out of the first slot to the second side of 
the iron core 32 before extending into a second slot, 
which is distant from the first slot by an electric angle of 
180°, from the second side of the iron core 32 and 
extending out of the second slot to the first side of the 
iron core 32. The winding 33 has a recurrence of such 
pieces which forms one phase. The winding 33 has, for 
example, three phases separated by electric angles of 
120°. The winding 33 is of, for example, the wave type 
or the lap type. 

An explanation will be given of the advantages pro- 
vided by the embodiment of this invention. The diameter 
of the wire or the electric conductor forming the winding 
33 can be increased without being limited by the width 
of the inner openings of the slots. Thus, it is possible to 
reduce the resistance of the winding 33 and the heat 
loss. Accordingly, it is possible to attain a high alternator 
power output. 

In a prior-art structure, wedges made of insulating 
material block the inner openings of slots to prevent a 
winding from moving out of the slots. In the embodiment 
of this invention, since the winding 33 does not move 
out of the slots, it is unnecessary to provide such 
wedges. Thus, it is possible to reduce the number of 
parts and the cost. 

It is preferable to form the magnetic-flux collecting 
projections 36 on the teeth ends of the iron core 32 by a 
process different from plastic deformation. Thus, in this 
case, it is possible to prevent the magnetic characteris- 
tics of the magnetic-flux collecting projections 36 from 
being deteriorated by plastic deformation. Therefore, 
the magnetic-flux collecting projections 36 can have 
sufficient magnetic-flux collecting effects. Accordingly, it 
is possible to remarkably improve the power output of 
the alternator 1 during operation at a low rotational 
speed. 

A space factor is defined as corresponding to the 
ratio of a conductor-occupied area in a slot to the entire 
area of the slot. First, second, and third alternators are 
prepared which have equal space factors. The first 
alternator is a prior-art alternator in which the width of 



the inner openings of slots is greater than the diameter 
of a wire forming a winding. In the second alternator, the 
width of the inner openings of slots is smaller than the 
diameter of a wire forming a winding, and magnetic-flux 
collecting projections are formed by plastic deformation. 
The third alternator agrees with the alternator 1 of the 
embodiment of this invention. Accordingly, in the third 
alternator, the width of the inner openings of slots is 
smaller than the diameter of a wire forming a winding, 
and magnetic-flux collecting projections are formed by a 
process different from plastic deformation. In Fig. 2, the 
dash line denotes the relation between the output cur- 
rent and the rotational speed of the first alternator, that 
is, the prior-art alternator. In Fig. 2, the dot-dash line 
denotes the relation between the output current and the 
rotational speed of the second alternator. In Fig. 2, the 
solid line denotes the relation between the output cur- 
rent and the rotational speed of the third alternator, that 
is, the alternator 1 of the embodiment of this invention. 
It shown in Fig. 2 that the alternator 1 of the embodi- 
ment of this invention outputs a relatively great current 
during operation at a low rotational speed. 

In the embodiment of this invention, the magnetic- 
flux collecting projections 36 are free from shape strain 
caused by plastic deformation. Therefore, the circularity 
of the inner circumferential surfaces of the iron core 32 
is good. Thus, it is possible to suppress a magnetic 
noise increase which would be caused by an un even- 
ness in the air gap between the stator 2 and the rotor 3. 

The magnetic-flux collecting projections 36 can be 
made sufficiently long by a pressing process or another 
process different from plastic deformation. Thus, the 
inner circumferential surfaces of the iron core 32 can be 
close to the surfaces of a true cylinder. Accordingly, it is 
possible to reduce wind blocking sound caused by a 
roughness in the inner circumferential surfaces of the 
iron core 32 and a centrifugal wind generated by the 
LUNDEL-type pole cores 7. 

A prior-art alternator of the outer-fan type is pro- 
vided with an external cooling fan. In the prior-art alter- 
nator of the outer-fan type, inner openings of slots form 
axiaWirection wind passages. Thus, in the prior-art 
alternator of the outer-fan type, if the inner openings of 
the slots are narrowed as in the embodiment of this 
invention, resistances to cooling winds increase so that 
the cooling performance decreases. On the other hand, 
the alternator 1 of the embodiment of this invention con- 
tains the cooling fans therein. In the alternator 1 of the 
embodiment of this invention, cooling winds introduced 
along axial directions are discharged in radially outward 
directions. Thus, in the alternator 1 of the embodiment 
of this invention, the narrowed inner openings of the 
slots hardly affect the cooling performance. 

Second Embodiment 

A second embodiment of this invention is similar to 
the first embodiment thereof except for design changes 
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indicated hereinafter. 

In the first embodiment of this invention, the electric 
conductor or the wire which forms the winding 33 has a 
circular cross-section. On the other hand, in the second 
embodiment of this invention, at least portions of an 5 
electric conductor which extend in slots have an approx- 
imately rectangular shape corresponding to the shape 
of the slots as shown in Fig. 4. Specifically, the portions 
of the electric conductor have a cross section shaped so 
that they will have flat surfaces extending along inner io 
wall surfaces of the slots. Thus, the space factor is 
increased, and the sum of the cross-sectional areas of 
the portions of the electric conductor in the slots is 
increased. As a result, it is possible to reduce the elec- 
trical resistance of the winding, and to increase the is 
alternator power output. 

In the second embodiment of this invention, the 
area through which the iron core 32 and the winding 33 
are in engagement is increased. Therefore, it is possible 
to provide a good thermal conductivity between the iron 20 
core 32 and the winding 33. Thus, it is possible to fur- 
ther lower the temperature of the winding 33. Since the 
space factor is increased, the hardness of the whole of 
the stator 2 is increased. Accordingly, it is possible to 
reduce the magnetic noise. 25 

In addition, since the slot openings 35 are closed by 
the flat portions of the electric conductors, the inner sur- 
faces of the stator iron core 32 can be closer to smooth 
cylindrical surfaces in comparison with the case where 
the stator winding 33 uses a circular wire. Thus, it is 30 
possible to further reduce the wind noise caused by the 
ruggedness of the inner surfaces of the stator iron core 

32 and the radially outward winds caused by the LUN- 
DEL-type pole core 7 during the rotation. 

Also in this embodiment, dimensions of the cross 35 
section of the stator winding 33 are greater than the slot 
opening width. The cross section of the stator winding 

33 has a rectangular shape. The width of its longer 
sides is greater than the slot opening width. It is prefer- 
able that as shown in the drawing, the width of its 40 
shorter sides is greater than the slot opening width. 

In the first embodiment of this invention, a continu- 
ous wire is used to make the winding 33. On the other 
hand, the second embodiment of this invention uses 
approximately U-shaped electric conductor segments 45 
each having straight portions 33a and a turn portion 33c 
as shown in Fig. 5. The electric conductor segments are 
inserted into slots of the iron core 32 along an axial 
direction in a manner such that the straight portions 33a 
are aligned. Then, portions of the electric conductor so 
segments on a side of the iron core 32 remote from the 
turn portions 33c are bent, and ends 33b of the electric 
conductor segments are connected to complete the 
winding 33 on the iron core 32. The connection between 
the ends 33b of the electric conductor segments is 55 
implemented by ultrasonic welding, arc welding, brazing 
or mechanical processing. It is easier to form the wind- 
ing 33 than the case where a continuous wire is used to 



make the winding 33. 

Pieces of the electric conductor are separated into 
outer layers located in deep portions of the slots and 
inner layers located in inner openings of the slots. At 
least one pair of such pieces of the electric conductor 
are provided per slot. Inner-layer and outer-layer pieces 
of the electric conductor in different slots are connected 
in series. Thus, as shown in Fig. 6, it is possible to pre- 
vent coil ends from interfering with each other. Accord- 
ingly, pieces of the electric conductor can be easily 
placed into deep portions of the slots, and a high occu- 
pancy related to the slots is available. In Fig. 6, the 
number of pieces of the electric conductor per slot cor- 
responds to four turns, and there are two pairs of outer 
layers and inner layers. Even in the case where the 
number of pairs differs from two, it is possible to prevent 
different winding phases from interfering with each 
other. 

In the second embodiment of this invention, the 
winding is formed by electric conductor segments. In 
this case, it is easy to make each electric conductor into 
a rectangular cross-section, and a high space factor is 
available. The electric conductor segments can be 
formed by a pressing process. Thus, it is possible to 
reduce a material cost and a processing cost. 

Other Embodiments 

The second embodiment of this invention uses the 
approximately U-shaped electric conductor segments. 
As shown in Fig. 7, approximately J-shaped electric 
conductor segments may be used. In this case, the 
approximately J-shaped electric conductor segments 
are inserted into the slots along the axial direction of the 
iron core 32 in a manner such that straight portions 33h 
thereof are aligned. Then, ends of the approximately J- 
shaped electric conductor segments on each of the two 
sides of the iron core 32 are connected to complete the 
winding 33. Since the approximately J-shaped electric 
conductor segments have simpler shapes, it is easier to 
make them. Thus, there is a cost advantage. 

in the second embodiment, the cross section of the 
stator winding 33 has such a rectangular shape that the 
longer sides thereof are arranged so as to close the slot 
opening 35. As shown in Fig. 8, in a slot, the stator wind- 
ing 33 may be arranged in a line of portions along only 
a radial direction, and the shorter sides thereof may 
close the slot opening 35. Use of such a longitudinal 
stack array of electric conductors of rectangular cross- 
sections enables a greater ratio of an opposing area 
between the electric conductor surfaces and the iron 
core in the slots and an improvement of the heat trans- 
mission from the electric conductors to the iron core in 
comparison with the case using electric conductors hav- 
ing cross sections of squares and the case using a lat- 
eral stack array of electric conductors of rectangular 
cross-sections as in Fig. 4. it is possible to increase the 
gaps in the circumferential direction between the por- 
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tions of the winding without changing the axial -direction 
length of the coil ends 31 , that is, without increasing the 
electric resistance value of the winding. This is made 
clear from Fig. 6 which is a perspective view of the coil 
ends in the case where the turn number per slot is 4 
turns. Accordingly, the wind resistances with respect to 
the cooling winds in the radially outward directions by 
the cooling fans 1 1 can be reduced, and hence the flow 
rates of the cooling winds can be increased. Since the 
cooling winds pass through the coil ends 31 , the cooling 
performance is increased and the alternator power out- 
put can be further increased. 

In the embodiment of this invention which is shown 
in Fig. 7, the winding 33 has a reduced resistance, and 
there is a surplus in the cooling performance. Thus, only 
one cooling fan provided on one end of the rotor 3 suf- 
fices. In this case, it is possible to reduce the number of 
parts and the number of manufacturing steps. There- 
fore, the alternator can be inexpensive and small in size. 

Fig. 9 shows an alternator having only one cooling 
fan 1 1 . In the alternator of Fig. 9, an end face of the rotor 
3 which is not provided with the cooling fan 11 adja- 
cently opposes the inner wall surfaces 42 of the frame 
(the housing) 4 around the inlet 41. In this case, the 
inner wall surfaces of the frame (the housing) 4 serve as 
a shroud for the cooling fan 1 1 . Thus, the fan ability of 
the pole core disk portion 72 is increased. Accordingly, 
it is possible to attain a cooling performance compara- 
ble to the cooling performance available in the structure 
having the two cooling fans while the number of parts 
and the number of manufacturing steps are not 
increased. In addition, it is possible to further increase 
the power output of the alternator. 

Claims 

1 . An alternator for a vehicle, comprising: 

a rotor; 

a stator located outward of the rotor and oppos- 
ing the rotor; and 

a frame supporting said rotor and said stator; 

wherein said stator comprises an iron 
core and a plurality of electric conductors, said 
iron core having a plurality of slots, said electric 
conductors being placed in said slots, said 
slots having openings, said openings having a 
width smaller than a width between inner walls 
defining said slots, the width of said openings 
of said slots being smaller than a minimal width 
of said electric conductors. 

2. An alternator according to claim 1, wherein said 
slots have two end surfaces in an axial direction of 
said stator iron core which are formed with end sur- 
face openings as inlets for said electric conductors. 

3. An alternator according to claim 1 or 2, wherein 



openings in inner sides of said slots are narrower 
than a width of electric conductor accommodating 
portions of said slots, and are narrower than the 
minimal width of said electric conductors before 
5 said electric conductors are placed into said slots. 

4. An alternator according to claim 1, wherein said 
electric conductors have a circular cross-section 
with a diameter greater than the width of said open- 

10 ings of the slots, and said electric conductors are 
provided in said slots to form a winding on said sta- 
tor. 

5. An alternator according to claim 1 or 2, wherein a 
is cooling fan is disposed at least at one axial end of 

said rotor opposing said stator. 

6. An alternator according to one of claims 1 to 3, 
wherein cooling fans are disposed at both axial 

20 ends of said rotor opposing said stator. 

7. An alternator according to one of claims 1 to 5, 
wherein an end surface of said rotor in an axial 
direction is close to a shroud portion of an air intake 

25 peripheral portion of said frame. 

8. An alternator according to one of claims 1 to 7, 
wherein cross sections of said electric conductors 
in said slots have substantially a rectangular shape. 

30 

9. An alternator according to one of claims 1 to 8, 
wherein a plurality of electric conductors are 
accommodated in said slots while being electrically 
insulated from each other, and said plurality of said 

35 electric conductors form one or more pairs of outer 
layers located in deep regions of the slots and inner 
layers located in said opening sides of the slots, 
and the electric conductors of different layers in dif- 
ferent slots among the slots are connected in series 

40 to form a stator winding. 

10. An alternator according to claim 9, wherein said 
stator winding comprises a combination of a plural- 
ity of electric conductor segments, and each of said 

45 electric conductor segments includes an approxi- 
mately U-shaped segment which has one straight 
portion accommodated in one slot as an electric 
conductor of said inner layer, another straight por- 
tion accommodated in another slot as an electric 

50 conductor in said outer layer, and a turn portion 
made of a material continuous with the straight por- 
tions and connecting the straight portions at one 
end side, the approximately U-shaped segment 
being connected to another of said electric conduc- 

55 tor segments by a projecting portion from a slot 
which is provided on another end side of the 
straight portions. 
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11. An alternator according to claim 9, wherein said 
stator winding comprises a combination of a plural- 
ity of electric conductor segments, and each of said 
electric conductor segments includes a segment 
which has a straight portion accommodated in said 5 
slot as an electric conductor of said inner layer or 
said outer layer, and which is connected to another 

of said electric conductor segments by projecting 
portions from a slot which are provided on two ends 
of the straight portion. 10 

12. An alternator according to one of claims 1 to 11, 
wherein the electric conductors in the slots have 
cross sections with substantially a rectangular 
shape having longer sides extending along a radial 15 
direction of the stator, and each of the electric con- 
ductors has two surfaces in a longitudinal direction 
which oppose inner wall surfaces of the slot, and 

the electric conductors are arranged and accom- 
modated in the slots. 20 



25 



30 



35 



40 



45 



50 
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surfaces formed with many slots having open ends 35. 
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netic-flux collecting projections 36 extending in circum- 
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projections 36 are previously formed by, for example, a 
pressing process during a stage in which they are thin 
steel plates. An electric conductor forming a winding 33 
has a diameter greater than a width of inner openings of 
the slots. A piece of the electric conductor extends into 
a first slot from a first side of the iron core 32, and 
extends out of the first slot to a second side of the iron 
core 32 before extending into a second slot, which is 
distant from the first slot by an electric angle of 180°, 
from the second side of the iron core 32 and extending 
out of the second slot to the first side of the iron core 32. 
The winding 33 has a recurrence of such pieces which 
forms one phase. The winding 33 has, for example, 
three phases separated by electric angles of 120°. 
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